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INTRODUCTION 


Considerable interest is being shown in the use of alu- 
minum alloy 14S-T in heavy-duty structural applications as 
well as in aircraft. This alloy, once considered primarily 
a forging alloy, is now being produced in a variety of forms,, 
such as extruded shapes, rolled shapes, and alclad sheet and 
plate. With the expanding uses of this material it has seemed 
desirable to determine some of its structural characteris- 
tics, and one of the important items is column strength. The 
column test data presented herein have been obtained on ex- 
truded shapes and on rolled and drawn rod of this alloy. 


OBJECT 


It was the object of this investigation to determine 
the column strength of aluminum alloy 14S-T on the basis of 
tests of extruded shapes and rolled and drawn rod. 

SPECIMENS AND METHOD OF TEST 


Extruded shapes of 14S-T were selected to represent the 
following three thickness ranges covered by the specific.a- 
tionj 



Thickness range 

Section 


0,125 to 0,499 in. 

3^— by 2-|-— by 1/4- in, angle 

p 

0.500 to 0,749 in. 

4- by 9/l6-in. 2ee 



5/8- by 2-^in. bar 

« 

0.750 in. and over 

1- by 3-in, bar 
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In addition, tests were made on 1 — inch, diameter relied and 
drawn rod. 

The nominal elements of these sections ares 


Section 

Dimens i ons 
(in, ) 

Die 

numb e r 

Nem- 

inal 

thick- 

ness 

(in.) 

Area 
(sq. in.) 

Least 

radius 

of 

gyra- 
ti #n 
(in,) 

Angl e 

2-^ by 3^ by l/4 

78 -H 

1/4 : 

1,194 

0.489 

Zee 

4 by 9/16 

771-E 

9/16 

5.289 

. 675 

Bar 

5/8 by 2k 

22513-B& 

5/8 

1.406 

. 181 

Bar 

1 by 2 

22513-BV 

1 

2.000 

, 289 

Rod 

1-in. diam. 

Rolled-drawn 

— 

, 785 

. 250 


The column specimens tested are described in table I. The 
actual average area was determined for each specimen from the 
weight, length, and nominal specific gravity (0,101 lb per 
cu in.). The ofookedness was obtained by inserting thickness 
gages between the specimen and a plane surface upon which it 
rested. Thg ratio of length to crookedness is greater than 
1000 except for the four specimens out from the 5 / 8 - by 2^-inch 
bar marked No, 16 and specimen 18-20 from the 1- by 2-inch 
bar. Experience has indicated that the strengths of the spec- 
imens with this ratio less than 1000 are significantly reduced 
by the crookedness. The original angle of twist was deter" 
mined from measurements obtained by inserting thickness gages 
under one corner of an outstanding leg of the angle or one 
corner of the bar when the other three corners touched the 
surface plate. The ends of the specimens were finished flat 
and parallel by turning on an arbor in a lathe, 

The tests, except those on the three shortest zee speci- 
mens, were made in an Amsler testing machine of 300,000-pound' 
maximum capacity with intermediate load ranges of 30,000, 
100,000, and 200,000 pounds (type 150 SZBPA, serial No. 5254), 
This machine is of the four-column type, and the guides on the 
movable head are adjustable to allpw a minimum of lateral 
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motion of the movable platen for the gatisfactory operation 
of the machine. When testing the shorter specimens in the 
300,000-pound capacity machine, the platens were protected by 
hardened steel disks 9 inches in diameter, the faces of which 
had been finished flat and parallel by precision grinding. 

The three shortest specimens of zee sections were tested in 
the 3,000,000-pound capacity Templin Precision Metal Working 
Machine (Baldwin-Southwark Shop Order No. 63430). 

All specimens were tested as columns with flat ends. Dur- 
ing each test on either machine the platens were fixed in 
position to prevent tipping, but before tho test they were’ 
alined parallel within 0.0003 inch in 12 inches by means of 
special leveling rings. The platen in the lower head is sup- 
ported by a pair of tapered rings which vary uniformly in 
thickness so that, by rotating one ring relative to the- other 
and both rings relative to the lower head, this platen can be 
tipped and .alined parallel to the upper platen. 

The mechanical properties of the material are shown in 
table II. The tensile values given in all cases surpass the 
specified minimum properties for 14S-T extruded shapes for 
the particular thickness range. The compressive stress-strain 
relations, as determined by the movement of the platens during 
the tests of specimens of the full cross section, are shown in 
figure 1. It is recognized that the relative movement of the 
heads of thfe machine includes strains other than those in the 
specimen; so these curves have been corrected to give an ini- 
tial slope equal to the nominal modulus of elasticity of the 
material, 10,600,000 psi, (See eeference 1.) 


RESULTS AND DISCUSSION 


The results of the column tests are given in table I and 
figures 2, 3, 4, and 5. All specimens excopt the 2-^- by 2^ 
by l/4-inch angle'failed by sidewise bending, and the h'est 
results, except for the angle, follow the Euler and tangent- 
modulus column curves fairly well. The equations of these 
curves are of the same fo^ra, the difference being in tho in- - 
terpratation of the term E which is tho effective modulus of 
elasticity. The equation is? 


_ ttSB 
A ~ f KLN3 

' r / 


(>) ■ 
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where 

P total load, pounds 

A cross-sectional area, square inches 

23 effective modulus of elasticity, pounds per square inch. 
Euler's int^pretat ion for stresses in the elastic 
range uses B equal to the initial value, 10,600,000 
psi. Engesser's interpretation for stresses above the 
elastic range uses an effective modulus which is loss 
than the initial modulus and which varies with the 
stress. In this case the tangent modulus was taken as 
the effective modulus, and the compres sive-stress- 
tangent-modulus relations are shown in figure 6. 

K coefficient describing the end conditions, taken “hore as 
0.5 (flat ends assumed equivalent to fixed ends) 

L length of specimen, inches 

r least radius of gyration, inches 

The straight-line column curves obtained by the proce- 
dure outlined in reference 3 are shown in figures 2, 3, and 4 
for the sections that failed by sidewise bending. The equa- 
tion is of the form. 


P ^ / KL \ , 

A - B ) (3 

where 

B intercept of the straight line on the axis of scro 
slenderness ratio 

D slope of the straight line, such that the straight line 
is tangent to the Euler curve 

and the other terms are as defined above. The relation be- 
tween B and the compressive yield strength of the material 
is given in the above reference ass 

3 = 0Ys(l + — 2IS — \ (3 

I .200000 / ' 
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in. which OYS is compressive yield strength, pounds per sq.uare 
inch. This eq.uation is to he used only in the range- of effec- 
tive slenderness ratios up to that at the point of tangency of 
the straight line and Euler curves. Beyond the point of tan- 
gency the Euler curve is applicable. 


The agreement between the test results and the combina- 
tion of the straight line and the Euler curves indicates that 
the combination is probably satisfactory for the design of 
14S-T structures for stresses less than the compressive yield 
strength. It will be noticed that the trends of the tangent 
modulus curves and of the data points in some cases suggest 
the possible use of an empirical curve of the parabolic type 
also but not to the same extent as in the case of 75S-T, 
which has a higher yield strength. 

As noted above, some of the eq.ual-leg angle specimens 
did not fail by sidewise bending. Instead, the shorter ones 
failed by a combination of sidewise bending and twisting about 
a longitudinal axis. On the basis of elastic action, the 
strengths of this latter group of specimens could be computed 
by the following eq,uation: 



q,+ T+ /(Q,-T)s + 4Q,T 


. X 


(reference 3) ( 4 ) 


where 

p 

^ ~ A average stress at failure, pounds per square inch 

p polar radius of gyration about the shear center, inches 

Po polar radius of gyration about the centroid, inches 

Xq distance between shear center and centroid, inches 

Q, Euler column strength for bending about the principal 
axis of maximum stiffness, pounds per square inch, 
computed by equation (l) 

T 'column strength for pure twisting failure, pounds per 
square inch 

Further explanation of some of the terms in equation (4) is 
given in appendix A. 
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The curve of equation. (4) is shown in figure 5. The 
Euler curve for "bending failure and the curve for coiabined 
elastic "bending and twisting failure for 3'^"by 2-^"by l/4-inch 
angles Intersect at an effective slenderness ratio equal t.o 
a"bout 50. On the "basis of elastic action, it would, there- 
fore, "be expected that the speclEsens longer than this would 
fail "by "bending and shorter ones would fail "by oom"bined "bend- 
ing and twisting. 

It is seen in figure 5 that the test results in the re- 
gion where com"bined "bending and twisting failures occur are 
a"bove the elastic limit stress and that the data points lie 
somewhat "below the computed curve based on elastic action. 

In the case of bending failures, inelastic action can be taken 
care of by using the tangent modulus as the effective modulus 
in the Euler equation. The case of twisting failures is not 
so simple because of the biaxial stress conditions in the 
twisting problem. The use of the tangent modulus in equation 
( 4 ) leads to a computed curve that lies below the tost re- 
sults. Better agreement with the test results would, there- 
fore, be obtained by using an effective modulus between the 
tangent modulus and the initial modulus. An effective modulus 
that results in reasonably good agreement with the test data 
can be obtained from either of the following rolatldnir! 


E = B / »/ii^ 

J 1 


(5) 


3 3 



E = E / _ ' = " <yE®E’ 
« ./ E 


(S) 


where 

E, E^ effective modulus, pounds per square inch 


E initial modulus, pounds per square inch 

tangent modulus, pounds per square inch 

The use of equation (6) results in a slightly higher computed 
curve . ' 

« 

The compressive stress-tangent modulus curve for these 
angle specimens and the effective modulus defined by equation 
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( 5 ) are shown in figure 7. The compressive stress-strain 
curve determined on a specimen cut from the angle is shown 
in figure 8. 

An approximate method, which is much simpler, for com- 
puting the strength of eanal-leg angles which fail twist- 
ing considers each of the outstanding legs as a flat plate 
with one longitudinal edge simply supported and the other 
free. The ultimate strength of the angle is assumed eq.ual to 
the "buckling strength of the plate. Actually, there may he a 
a slight restraint along the supported edge of the' plate he- 
cause of the "bulk of material at the junction of the two legs, 
"but in comparison with complete fixation any restraint from 
this source is undou"btedly slight. On the "basis of elastic 
action, the critical buckling stress is ^iven hy the equation, 


O’ = k ® 5 — ( ^ \ (reference 4) (7) 

(1 - ) \ "b / 






% 


where 

o average stress at failure, pounds per square inch 

k factor depending on length-width ratio of the plate and the 
conditions along the edges and ends 

E modulus of elasticity, pounds per square inch 

pi Poisson’s ratio 

t. thickness of plate, inches 

"b width of plate, inches 

In these tests the condition of the loaded edges of the 
individual legs was practically equivalent to fixed ends 
since the individual legs were machined flat and "bore on the 
platens as columns with flat ends. Thus the value of Tc" for 
use in equation (7) for computing the twisting strength of 
equal-leg angles can he obtained from the equation. 


k 



0.406 


(reference 5) 


( 8 ) 
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Two Bets of curves of 'buckling strength, computed by means 
of equations (7) and (8 ) are shown in figure 9. In one set 
the ratio of b/t was taken equal to lO, which- is the ratio of 
the full width of leg to the thickness, and in the other set 
the ratio was taken equal to 9, which is the ratio of the out- 
standing width to the thickness. As is the case of equation 
(4), the combination with the Euler curve indicates that spec- 
imens shorter than about KL/r equal to 50 would fail by com- 
bined bending and twisting. In this region the data points 
lie between the two computed curves based on the effective 
modulus defined by equation (5). 

Kollbrunner (reference 6) employed this method of analy- 
sis with his data from column tests on equal-leg angles and 
used the following relation for the effective modulus, 



wh ere 

Eg effective modulus, pounds per square inch 

B initial modulus, pounds per square inch 

E" double modulus , pounds per square inch 

E' tangent modulus, pounds per square inch 

T ratio of double modulus to initial modulus 

This relation for effective modulus was tried out with the 
data in figures 5 and 9, but it gave no better agreement with 
the data than the simple expression of equation (5). 

An even simpler approximate method for computing the 
buckling strength of an outstanding plate is described in the 
Structural Aluminum Handbook published by Aluminum Company of 
America (l945). An equivalent slenderness ratio is obtained 
for the particular width-thickness ratio and the budkling 
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strength, then determined from a oolumn curve for the material. 
The dotted horizontal line in figure 9 was thus determined, 
and it is apparent that the Handbook method is on the con- 
servative side. 

In order to avoid the twisting type of failure or buck- 
ling of the legs at stresses below the tangent-modulus column 
curve for bending failures, the width-thickness ratio of the 
legs would need to be about 7 or less. 


OONCLUSIONS 


The following conclusions concerning the column strength 
of extruded 14S-T shapes and rolled and drawn rod have been 
drawn from the data and discussion presented JLn this report. 

1, There is good agreement between the test data and the 
combination of Euler and tangent-modulus column curves (eq.ua- 
tion (l)) for specimens that fail by sidewise bending, the 
coefficient of end restraint, K, of the specimens tested as 
columns with flat ends being taken equal to 0,50. 

3, Eor the purpose of design of straight, axially loaded 
columns that fail by sidewise bending and not by twisting or 
local buckling, the combination of the Euler curve and a 
straight line tangent to it (equations (l) and (3)) should be 
satisfactory for ultimate column strengths less than the com- 
pressive yield strength. _ 

3. Single— member columns consisting of equal— leg angles 
of 14S-T and having a width-thi ckne s s ratio of the legs equal 
to 10 are subject to failure by combined bending and twisting 
about a longitudinal axis at an average stress less than that 
computed for failure by bending about the axis of least stiff- 
ness when the effective slenderness ratios (KL/r) are less 
than about 50. 

4. In order to avoid the twisting type of failure or 
buckling of the legs at stresses below the tangent-modulus 
column curves for bending failures, the width-thickness ratio 
based on the outstanding width of the legs would need to be 
about 7 or less. 

5. There is good agreement between the test results from 
the equal-leg angle specimens and the curve of equation (4) 
for the combination, bending and twisting type of failure when 
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the effective qodulus is as defined hy equation ‘(5) or (6). 
The use of the tangent modulus as the effective modulus gives 
a computed curve somewhat "below the data poi^hts. 

6. Por a simple approximate method of computing the col- 
umn strength of equal-leg angles, equations (?) and (8) from 
the theory of flat plates can "bo used. The e'ffective moduli 
defined "by equations (5) and (S) give satisfactory agreement 
with the data for column strengths a"bove the elastic stress 
range. The computed strengths are conservative when the full 
width is used in determining the width-thickness ratio, 

7. The approximate method for computing the "buckling 
strengths of outstanding plates as given in the Structural 
Aluminum Hand"book results in conservative computed strengths 
for equal-leg angles. 

Aluminum Research La"b orat or i es , 

Aluminum Company of America, 

New Kensington, Penna., July 5, 1945. 


APPBZTDIX A 


Further explanation of some of the terms in equation (4): 

G-0 . nS'TTSB „ 


T = 




( 10 ) 


where 
C 
0 
I 


modulus of elasticity in shear, psi ! 

torsion factor, in,"^ (sometimes designated as J) 

polar moment of inertia of the cross section with respect 
to the shear center, in,"^ 

num"ber of half— v/a.ves in the configuration of the deform.ed 
m e m"b e r 


torsion-"bending factor, in. 


o r- U- 


’BD 


) 


(variously designated 0 


BT 


L 


length of the mem"ber, in 
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G 


E 

3(i + ti) 


■ ( 11 ) 


where 

p. Poisson's ratio; for aluminum alloys the value is usually 
taken as one-third. 

0 = |- dt® - 0.2l0t'^ + 0.164S'^ (12)^ 


where 

d length of leg, Is, minus one-half the thickness of leg, 
in; 

t thickness of leg, in,. 

6 diameter of largest circle that can be drawn within the 
cross section at the heel of the angle, in. 

T = d®t^ (13) 


The shear center of an equal-leg angle is in the heel of 
the angle at the intersection of the center lines of the two 
legs. If the effects of the fill.et and roundings are ne'g- 
lected, it follows that: 


o 2 ys 


(14) 


By definition it follows that 


I_ = I_ + I— + 
p X y. 0 


-,3 3 . 3 . 3 

p = + ^y + ^0 


(15) 

(16) 


^Developed from equation (8l) of reference 7. 
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where 

Ijji ly moments of inertia about a pair of perpendicular 
axes', in. 

A cros 3~s ecti onal area, sq., in. 

, ry. radii of gyration about a pair of perpendicular 
ax e 8 , i tt , ■* ' 

It should be pointed out that eq.uations (4) and (lO-) are 
valid for any cross section having one axis of symmetry. The 
values of the terms as defined by eouations (l2) , (l3) , and 
(l4) are limited to eq.ual-leg angles. 
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TABLi; 1 

DESOHIPTIOH or SPEOIUESS AHD RESULTS OT TESTS 
OOLUltH TESTS ON 14S-T 

^Specimens tested as oolunne wltb flat ends^ 


Specimen 

number 

Length, 

L 

(in.) 

Height 

(ib) 

Actual 

area, 

A 

(sq. la. 

Effective 
slenderness 
ratio , 
KL/r ^ 

Measured 
orookednese 
(in.) 3 

Ratio 

Ueasured 
initisO. 
twist 
(rad per 
ft of 
length) 

Maximum 

load, 

P 

(lb) 

Column 

strength, 

P/A 

(psi) 

«1 «3 

L/ eq 

^/»3 




2-1/2 

X 2-1/2 X ly 

^4 in. angle, r 

> 0.489 in. 




6-10 

9.81 

1.19 

1.302 

10.0 

0.003 

3,370 



0.0064 

65,350 

54,350 

6-30 

19.62 

2.38 

1.303 

20.1 

.004 

4,405 



.0034 

59,000 

49,050 

4-39 

39.44 

3.51 

1.183 

30.1 

.006 

4,907 



.0013 

53,800 

45,600 

6-39 

39.31 

4.78 

1.306 

40.2 

.004 — 

9,828 

— 

.0035 

53,050 

44,000 

5-49 

49.00 

5.93 

1.201 

50.1 

.008 

6,136 


.0037 

45,100 

37 , 550 

6-59 

58.87 

7.19 

1.212 

60.2 

.010 — 

5,887 



.0078 

33,350 

37 , 500 

5-78 

78.56 

9.43 

1.190 

80.5 

.031 — 

2,537 


.0004 

18 , 350 

15 , 400 

4-98 

98.00 

11.68 

1.182 

100.2 

.010 — 

9,800 

— 

.0016 

12,090 

10,350 





4 X 9/16 in 

zee, r “ 0.67 

6 in. 





8-7 

6.81 

3.64 

5.303 

5.0 

— 1, 


. 

0.0010 

375,300 

70,750 

7-11 

11.40 

6.10 

6.308 

8.5 

0.006 

1,230 



.0096 

356,800 

67,200 

7-37 

27.12 

14.54 

5.319 

20.1 

.010 0.006 

1,400 

3,425 

.0091 

303,200 

57,000 

10-41 

40.76 

22.50 

5.476 

30.2 

.015 .004 

2,717 

10,190 

.0014 

281,000 

51,300 

7-54 

54.44 

23.33 

5.327 

40.3 

.010 .032 

5,444 

2,474 

.0027 

247,400 

46 , 450 

8-61 

60.76 

33.43 

5.395 

45.0 

.010 .004 

6,076 

16,190 

.0005 

230,000 

43,450 

8-83 

81.68 

44.00 

5.344 

60.5 

.018 .018 

4,538 

4,538 

.0010 

142,600 

26,650 

10-108 

108.56 

58.50 

5.346 

80.4 

.004 .006 

14,625 

11,700 

.0010 

84,800 

15,850 




£ 

/8 X 2-1/4 

.n. bar, r “ 0. 

181 in 





16-4 

3.76 

0.54 

1.417 

10.4 

0.005 • — 

751 




109,300 

77,100 

16-6 

6.52 

.80 

1.429 

15.3 

.015 

368 



96,500 

66,800 

16-7 

7.33 

1.06 

1.412 

20.3 

.035 

293 




91,500 

64,800 

16-9 

9.09 

1.30 

1.4U 

25.3 

.010 

908 



88,000 

62,400 

15-16 

16.40 

3.38 

1.431 

45.4 

.006 — 

3,280 

__ 

0.0037 

67,400 

47,700 

15-18 

18.15 

' 3.63 

1.429 

50.2 

.014 — 

1,296 

•• 

.0083 

69,500 

41,660 

16-33 

31.80 

3.16 

1.430 

60.4 

.013 — 

1,817 

.... 

.0061 

41 , 500 

29,000 

15-39 

39.04 

4.30 

1.426 

80.4 

,009 — 

3,227 

— 

.0033 

23,400 

16,410 





1x2 in. 

bar, r - 0.289 

la. 





18-6 

5.87 

1.19 

1.999 

10.2 

0.004 — 

1,468 



145,000 

73,540 

18-9 

8.80 

1.78 

1.995 

15.2 

.007 

1,257 




131,400 

65,860 

18-13 

11.65 

3.36 

1.998 

20.2 

.010 — 

1,164 




126,500 

63,310 

17-14 

14.60 

2.99 

2.034 

35.1 

.012 — 

1,208 



0.0096 

128,800 

63 , 320 

18-17 

17.39 

3.53 

2.003 

30.1 

.008 — 

2,174 



.0052 

113,000 

56,440 

18-30 

20.37 

4.13 

3.000 

36.3 

.030 — 

679 


— 

104,300 

52,150 

18-33 

23.48 

4.76 

1.999 

40.7 

.005 — 

4,696 



.0026 

94,600 

47,270 

18-26 ■ 

26.10 

5.39 

1.999 

45.2 

.009 

2,900 



.0041 

89,000 

44,520 

18-29 

28.93 

5.84 

1.991 

50.1 

.013 

2,410 



.0P53 

76,400 

38,370 

17-36 

34.69 

7.07 

2.010 • 

60.1 

.026 — 

1,388 




58,000 

28,860 

17-46 

46.48 

9.44 

3.003 

80.5 

.030 

1,549 




32,000 

15,980 

17-57 

56.80 

11.53 

2.000 

98.4 

.008 

7,100 

— 

— 

20,700 

10 , 360 




1- 

in. diamete 

: rod, r « 0.35 

0 in. 





3-5 

6.00 

0.41 

0.794 

10.0 

— — 1- 

_ _ 



_ 

54,750 

68,950 

3-10 

10.00 

.80 

.794 

20.0 

-a,. 



__ 


48,700 

61,360 

2-15 

14.97 

1.19 

.788 

29.9 






46,400 

57,600 

1-20 

19.94 

1.60 

.798 

39.9 







41,400 

62,000 

2-25 

24.94 

1.98 

.788 

49.9 

— - 





31,800 

40,350 

2-30 

29.96 

2.38 

.788 

59.9 

— — 




22,850 

29,000 

1-40 

39.96 

3.20 

.794 

79.9 







13,000 

16,360 

1-50 

49.13 

3.93 

.794 

98.3 

— - 


— 


8,600 

10', 850 


1 

Computed from the length and weight of the specimen amd the nominal specifio grawity of the 
material. 

2 ■ - 

Specimens tested as columns with flat ends, X tcdcen as 0.5. 

3 

For the zee, e^ • croohedneea in plane parallel to the flanges; for other seotions, 
ej_ = crookedness in plane of leMt stiffness; for the zee, eg crookedness in plane parallel to 
the weh. 

















TiAm.ff. II._ MBGHMIOAL HiOPEHTIES 05 HiTEEIAl. lETESTI CATION 05 00LU2ar STBMGTH 05 lU S-T 


• 

Section 

Dimensions 

(in.) 

TianBile 

strength 

(pel) 

Tensile 
yield 
strength 
(set = 
0.2^) 

(psi) , 

Elon- 

gation 

in 

2 in. 

(per- 

cent) 

Type of 
■ tensile 
specimen^ 

Extruded har 

5/8 X 2t 

75.900 

68,000 

13.0 

1/2 In. round 

Extruded zee 

4 X 9/i6 

65,860 

60,500 ■ 

12.0 

1/2 in. round 

Extruded har 

1x2 

75.900 

67,500 

11.00 

1/2 in, round 

Rolled and 
drawn rod 

1 diameter 

69,900 

62,250 

13.0 

1/2 in. round 

Extruded angle 

2 ^x 2 ^i /4 

62,400 

56,300 

10.0 

1/2 in. wide, 
fvill thickness 


CompreS' 
sive 
yield 
Btrengtl 
■(set « 

0.25f) 

(pel) 



Type of 
compressive 
specimen 


5oll section 
5ull section 
5ull section 

5ull section 

5/8 in. vide, 
fpll thickness 


^ Specitnens in eccordsnce with ASTM Standerd Methods of Tension Testing of Hetellic 
Materials (Bii-hs) . 


^Determined from stress-strain curvos shown in fig. 1. 
^Determined from stress-strain curve shown in fig. 8. 


I 
















Oolvom. itfangth, F/A, pai 


' ^ 


# 


) 




\ 



HAOA TH So. 1027 




Ooluim strength, P/A, pel 


I 


80,000 


70,000 


$ 0,000 


50,000 


40,000 


20,000 


ao.ooo 


10,000 





leOT *01 U TOTX 




Offlumn strangth, P/A, pal 


y 



Tlgura 4t- OoluMQ vtrangtb of rolled and dravn 148-*T. 1-lnoh dlanetar rotmd rod- Bpeolaena tested a* aolunni with flat ondOi I taken 

u 0-60- t» 


HAOA Tir Bo 
















ConpresalTe strsss, P/A, psl 


60,000 


70,000 


60,000 


50,000 


♦ 0,000 


30,000 


30,000 


10,000 


n 



Modulus, nllllona of pal 


Pifcure 7 - OoBpraaalTa atreBa-aodulua curvea. Ralatloni darlvefl fro# .oottpresBlTS atraaa-atraln nurre lot 8-1/3 x S-1/8 x 1/4-lneh 

exti^ad 143-T ancle. ComureaBlve epecijBen-6/8-lpoh wide x full thlcknaaB. 'Strains measured with Huggenbergar tenaoneter. 



-a 


SAGA TH Vo. 108? 



Compressive stress, P/A, psl 



Inoia wide x full thickness. Strains measured with Huggenberger 
tensometers, gage length = 0.50-inch. 











